Context. The mass-loss process from evolved stars is a key ingredient for our understanding of many fields of astrophysics, including stellar evolution and the chemical enrichment of the interstellar medium (ISM) via stellar yields. Nevertheless, many questions are still unsolved, one of which is the geometry of the mass-loss process. Aims. Taking advantage of the results from the Herschel Mass loss of Evolved StarS (MESS) programme, we initiated a coordinated effort to characterise the geometry of mass loss from evolved red giants at various spatial scales. Methods. For this purpose we used the MID-infrared interferometric Instrument (MIDI) to resolve the inner envelope of 14 asymptotic giant branch stars (AGBs) in the MESS sample. In this contribution we present an overview of the interferometric data collected within the frame of our Large Programme, and we also add archive data for completeness. We studied the geometry of the inner atmosphere by comparing the observations with predictions from different geometric models. Results. Asymmetries are detected for the following five stars: R Leo, RT Vir, π 1 Gruis, omi Ori, and R Crt. All the objects are O-rich or S-type, suggesting that asymmetries in the N band are more common among stars with such chemistry. We speculate that this fact is related to the characteristics of the dust grains. Except for one star, no interferometric variability is detected, i.e. the changes in size of the shells of non-mira stars correspond to changes of the visibility of less than 10%. The observed spectral variability confirms previous findings from the literature. The detection of dust in our sample follows the location of the AGBs in the IRAS colour-colour diagram: more dust is detected around oxygen-rich stars in region II and in the carbon stars in region VII. The SiC dust feature does not appear in the visibility spectrum of the U Ant and S Sct, which are two carbon stars with detached shells. This finding has implications for the theory of SiC dust formation.
Introduction
Most of the material processed during the lifetime of low-to intermediate-mass stars is returned to the interstellar medium (ISM) during the asymptotic giant branch (AGB) stage. This material is crucial for the chemical evolution of galaxies (perhaps density distribution from spherical symmetry on different spatial scales. The assumption about the geometry of the circumstellar environment affects calculations of mass-loss rates and other fundamental parameters (Ohnaka et al. 2008b) . In recent years, several observing campaigns were carried out with the purpose of investigating the geometry of the envelope of AGB stars (references below) . Observations suggest that the wind mechanism may depend on the initial mass of the objects and on the evolution along the AGB (Habing & Olofsson 2003) . Despite first evidence in favour of overall spherical symmetry, some observations (Knapp et al. 1997, e.g. V Hya) show very complicated geometry at various spatial scales, and no consensus on its origin has been reached so far (Habing & Olofsson 2003) . Understanding how the mass-loss shapes the envelope of AGB stars is crucial also for the progeny. Although a binary companion is currently the most accepted explanation, other mechanisms such as rotation velocity and magnetic fields might still play a role (De Marco 2009) . Investigating the morphology of the atmosphere of AGB stars at different spatial scales and evolutionary stages (early-AGB and thermal-pulse AGB) helps to clarify the picture in the follow-up stages.
By scanning the envelope of an AGB star from the inside to the outside one can distinguish the following:
Inner circumstellar envelope (CSE). At milliarcsecond scales (1-2.5 stellar radii), close to the photosphere of the stars, asymmetries are frequently detected with lunar occultations (Richichi et al. 1995; Meyer et al. 1995) and optical interferometry (Ragland et al. 2006; Le Bouquin et al. 2009; Pluzhnik et al. 2009; Chiavassa et al. 2010; Wittkowski et al. 2011; Cruzalèbes et al. 2013a; van Belle et al. 2013; Mayer et al. 2014; van Belle et al. 2013; Cruzalèbes et al. 2015) . The asymmetric structures are often ascribed to convective patterns, but other interpretations are also invoked (mainly the effect of stellar rotation and binarity). It is observed that asymmetries in the brightness distribution are more frequent for Miras (Cruzalèbes et al. 2015, i. e. towards the end of the AGB life) and irregular variables (Ragland et al. 2006) ; asymmetries are more frequent in C-rich stars than in the O-rich stars.
Intermediate CSE. Between 2 and 10 stellar radii, asymmetries, and clumpiness are also observed for several objects (Weigelt et al. 1998; Tuthill et al. 2000; Weigelt et al. 2002; Leão et al. 2006; Tatebe et al. 2006; Chandler et al. 2007; Paladini et al. 2012; Sacuto et al. 2013) . In a very few cases the asymmetries have a clear pattern resembling a spiral or a disc. These cases are usually related to the presence of a hidden binary companion (Mauron & Huggins 2006; Deroo et al. 2007; Ohnaka et al. 2008a; Maercker et al. 2012; Mayer et al. 2013; Decin et al. 2014; Kervella et al. 2014; Ramstedt et al. 2014; Lykou et al. 2015; Kervella et al. 2015) . On the other hand, many other authors detect time variability but no clear signatures of asymmetries (Danchi et al. 1994; Ohnaka et al. 2005; Wittkowski et al. 2007; Karovicova et al. 2011; Sacuto et al. 2011; Zhao-Geisler et al. 2011 Karovicova et al. 2013) . To confuse the picture even more, SiO maser observations show evidence for clumpy isotropic mass loss in the atmosphere of Orich AGB stars, while H 2 O and OH masers (at R > 10 R ) probing the intermediate-outer part of AGB stars are less conclusive regarding the geometry.
Outer CSE. Submillimiter observations of CO line profiles obtained towards M stars may deviate significantly from those expected from a spherical envelope Winters et al. 2003; Klotz et al. 2012a) . Imaging in the CO radio emission lines of carbon stars revealed spherically symmetric thin detached shells (Olofsson et al. 2000) , probably originating during the thermal pulses known to occur during the AGB phase. Images provided by the Herschel/PACS instrument within the frame of the Herschel Mass loss of Evolved StarS guaranteed time key programme (MESS; Groenewegen et al. 2011) showed that the morphology of the outer atmosphere (R > 1000 R ) of AGBs differs depending on various factors (for example interaction between wind and the interstellar medium, or wind-wind interaction; Cox et al. 2012) .
Altogether it is clear that one has to probe all spatial scales to understand the physics of these complex outflows. While previous studies with the aim of detecting asymmetries suffered from a lack of (u, v) coverage (cfr. optical/infrared interferometry) and/or instruments with sufficient sensitivities, the advent of new facilities with improved resolution and sensitivity like Herschel, ALMA, and VLTI offers the unique chance to understand the mass-loss and dust-formation processes, and generally speaking, the life cycle of dust and gas in the Universe.
In September 2010, we proposed a Large Programme (LP) to the European Southern Observatory (ESO) to complement the Herschel observations with observations using the mid-infrared instruments MIDI on the Very Large Telescope Interferometer (VLTI) and VISIR on the Very Large Telescope (VLT). The aims of the study are i) to establish whether asymmetries of the outer CSE originate in the dust-forming region or whether they are only due to interaction with the ISM; ii) to evaluate at which height, the mass-loss process becomes manifestly nonspherical; and iii) to understand how the geometry of the atmosphere changes at the different evolutionary stages (M-S-C stars, and from almost dust-free to very dusty objects) within the AGB sequence.
In this paper, we present the programme and data of the interferometric (MIDI) campaign interpreted with geometric models. All the ESO archive data available for the targets are incorporated in the analysis to give a complete overview. This first work will be followed by a series of papers including a detailed interpretation of the MIDI data in terms of model atmospheres. The VISIR observing campaign was severely affected by bad weather conditions; a new observing proposal was recently accepted.
The selection of the targets is described in Sect. 2.1, while the strategy for observations is given in Sect. 2.2. The data reduction is reported in Sect. 2.3. We also used archive data that are introduced in Sect.2.4. The programme used for the interpretation of the interferometric data is described in Sect. 3. Results are presented in Sect. 4. The discussion, conclusions, and outlooks are given in Sects. 5 and 6, respectively. The detailed description of every single target can be found in Appendix A, and the journal of the observations is provided in Appendix B. The mildly variable O-rich AGB stars without extended circumstellar shells are expected to populate region I. In region II the objects are surrounded by young O-rich shells, while in region IIIa the shells are more evolved and mass-loss rates are higher. Most of the C-rich objects with relatively cold dust are located in region VIa (so-called detached-shell objects), while the objects located in region VIb have hot oxygen-rich dust close to the star and cold dust at larger distances. The variable stars with evolved C-rich shells and infrared carbon stars are in region VII. The panels not covered within the observing sample are populated by objects with optically thick envelopes having no visual counterparts, and by planetary nebulae. The list of targets is presented in Table 1 together with the location in the IRAS colour-colour diagram, the morphological class identified by Cox et al. (2012) from the Herschel/PACS images, and general characteristics such as spectral type, variability class, IRAS 12 µm flux, period, distance, and mass-loss rate.
Observing strategy
In this work we concentrate on possible asymmetries developing in the dust-forming region. Danchi et al. (1994) and more recently Norris et al. (2012) observed that dust is forming between 3 and 5 stellar radii, and even closer to the star in the case of Mira variables, as Draine (1981) already predicted. As a consequence, one needs to have an angular resolution of ∼ 20 mas to observe the locus of dust formation for AGBs within 1 kpc. For this reason, the MIDI instrument (Leinert et al. 2003) installed at the ESO Very Large Telescope Interferometer (VLTI) on Cerro Paranal (Chile) until March 2015 was chosen. The MIDI instrument is a two-beam combiner interferometer observing in the N band (8-13 µm). For every observation, the instrument delivers one visibility spectrum (sometime shortened to visibility in the text), one total flux spectrum, and one differential phase spectrum (phase difference between different spectral channels; Sect. 4.2). Depending on the correlated magnitude of the target, either the HIGH-SENS (where the correlated and total flux are measured one after the other) or SCI-PHOT (where the correlated and total flux are measured simultaneously) mode was chosen. All the LP data have spectral resolution R = λ/∆λ ∼ 30.
To optimise the observations for studying the geometry the following strategy was used. The choice for the baseline configurations was split in two different categories, based on the Herschel data available: configurations for non-spherical (such asthe bow shock in the case of TX Psc; Jorissen et al. 2011) , and for spherical objects (such as the detached-shell object U Ant; Kerschbaum et al. 2010) . For the non-spherical cases we selected one baseline oriented in the direction of the asymmetry and one baseline perpendicular to the latter. A third baseline, with orientation in between the two, was selected to put constraints on the possible elongation. Baselines with random orientation were selected for the symmetric stars, as well as in the cases where PACS images were not yet available. Thus, we are able to constrain any possible deviation from sphericity. We also tried to sample the same spatial frequencies by choosing the same baseline lengths for all points. The baseline length also has to be selected carefully for resolving the dust formation zone. Given the fact that not all the targets of the sample had a measured photospheric diameter, the latter was estimated through the (V − K) relation of van Belle et al. (1999) . Following the results of Danchi et al. (1994) , we thus assumed that the diameter in the N band is approximately three times the photospheric diameter, and the baseline was selected accordingly.
For planning the observations, we used ASPRO and AS-PRO2 developed by the Jean-Marie Mariotti Center Aspro service 1 . The observations were carried out between 2011 April 23 and 2012 July 01 on the 1.8 m Auxilliary Telescopes (ATs). We used the recommended observation sequence CAL-SCI-CAL. The following selection criteria for calibrator stars were applied: brightness (difference between calibrator and science target of ±1 mag), position (RA and Dec as close as possible to the science target), size (the calibrator should be as small as possible), and spectral type (if possible the calibrator should have a spectral type earlier than M0). The list of calibrators and their main characteristics are presented in Table 2 . The journal of the MIDI observations is available as online material (Appendix B).
Observations and data reduction
The MIDI data were reduced using the data reduction pipeline MIA+EWS 2 (Jaffe 2004a; Ratzka 2005; Leinert et al. 2004) . A detailed description of the data quality tests that were applied during the data reduction can be found in Klotz et al. (2012b) . Data were reduced with all calibrators observed in the same night (if possible within ±2 hours) and with the same baseline configuration as the science target. The final calibrated visibilities are then the mean of all the visibilities, differential phases, and fluxes reduced with suitable calibrators. The error is derived from the standard deviation of that series. If the former error is lower than ±10% or only one calibrator was available during the night, a multiplicative error of ±10% was used (Chesneau 2007) .
The extraction of the differential phase was carried out following the standard procedure of EWS (Jaffe 2004b) . The differential phase was corrected for the changing index of refraction of air by subtracting a linear slope, so that the mean phase over the N band is zero. We did not correct for higher order effects owing to water vapour content (PWV). Instead, we employed a very simplistic approach, by calibrating the differential phases using several calibrators taken over the night and deriving our error estimate on the phase from the scatter of these multiple calibrations. The instrumental phase measured for the calibrators during the different nights is usually stable and of the order of ±5
• . Any uncertainty on the differential phase caused by the 1.8 × 10
References. lack of correction for the dispersion effects due to PWV is therefore transferred to the errors on our phases.
A word of caution must be issued concerning the MIDI spectra. The water vapor content in the Earth atmosphere can change conspicuously on a timescale of half an hour without any changes in seeing or coherence time. So, it is possible that the water vapour content and thus the transmission of the Earth atmosphere changes between science and calibrator. Whereas the calibration of the interferometric visibility is not affected, the fluxes (i.e. the MIDI spectra) are affected. To limit such effects, fluxes were only derived if the airmass difference to the science target was smaller than 0.2 and the calibrator was observed within ± 2 hours from the science target. Only calibrators of spectral type earlier than M0 were selected for the flux calibration. Henceforth the possibility that the science spectra is contaminated by possible dust around the calibrator is minimised (Chesneau 2007) . Adding the LP to the archive data (Sect. 2.4), we collected a total of 201 visibility points; 60% of these data were of good quality and were used in this work.
Additional observations and variability check
Archive MIDI observations were available for TX Psc, AQ Sgr, U Ant, T Mic, R Crt, R Leo, RT Vir, π 1 Gru, omi Ori, and R Lep. Some of these data were observed in GRISM mode (spectral resolution R = 230). These high resolution archive observations were convolved to a spectral resolution R = 30 before any comparison with the LP data. We also noticed that most of these observations were carried out with different baselines but at the same position angle. Such data sets allow us to probe the atmosphere at different spatial scales, i.e. these data sets are optimal for tomography studies. Moreover these observations carry information about intra-cyle and cycle-to-cycle interferometric and spectroscopic variability. When possible we assigned a variability phase calculated from the visual light curve to every MIDI observation. For this purpose light curves were collected from the American Association of Variable Star Observers (AAVSO), the All Sky Automated Survey (ASAS), and the Association Française des Observateurs d'Étoiles Variables (AFOEV). The phase is determined from the light curve using the following relation:
where t stands for the date of the MIDI observation(s) expressed in Julian date, T 0 is the phase-zero point that was selected as the maximum light closest in time to the first MIDI observation, and P is the period of variability already listed in Table 1 . Visual phases are assigned to the stars θ Aps, R Crt, R Leo, T Mic, RT Vir, R Lep, Y Pav, S Sct, and AQ Sgr. The values are listed in Appendix B, and errors are assumed to be of the order of 10% of the period. The analysis of spectroscopic variability is performed by comparing MIDI spectra obtained at different visual phase, and also by comparing the MIDI spectra to available ISO and/or IRAS spectra. The interferometric variability was studied by comparing (when available) sets of visibilities at similar baseline lengths and position angles, observed at different dates. If no interferometric variability is detected, one can assume that the data can be combined for the geometric fit. The (u, v)-coverages obtained for all the data of the LP, including the archive data is shown in Fig. 2. 
Geometric fitting
A model-independent way to identify departure from spherical symmetry of the CSE is by comparing visibilities taken at similar baseline and different position angle. We performed this check where the data set allowed it. As a second approach we employ the software GEM-FIND (GEometrical Model Fitting for INterferometric Data; Klotz et al. 2012b ) to interpret our observations. This software fits geometrical models to interferometric visibility data, where different spherically symmetric, centrosymmetric, and asymmetric models are available. The different parameters of the models can be either wavelength dependent (e.g. diameter, flux ratio of two components) or wavelength independent (e.g. inclination or axis ratio of a disk) as GEM-FIND fits each wavelength point separately. This gives us the possibility to study the dependence of the model parameters on, for example molecular and dust features. The output of GEM-FIND is a χ 2 red , the best-fitting parameters, and wavelength-dispersed visibilities and differential phases. The errors of the best-fitting parameters given by GEM-FIND are the 1σ statistical errors derived from the covariance matrix (calculated within the MPFIT 3 IDL routines implemented in GEM-FIND). It is known that the models in the Fourier space are not linear, therefore the errors are not Gaussian distributed. We tested the validity of the approach with Monte Carlo simulations (Klotz et al. 2012b) . We find that 1σ errors from the Monte Carlo simulations are comparable to those derived from the covariance matrix. Therefore, in the following, errors are computed from the covariance matrix.
For the study of the geometry of the circumstellar environment, the following models were used to fit the data: circular uniform disk (UD, representing an approximation of the stellar disk), circular Gaussian distribution (Gauss, approximation to an object with a molecular or dusty environment and limb darkening), elliptical uniform disk (Ell. UD, such as in the UD case with non-central symmetric brightness distribution), elliptical Gaussian distribution (Ell. Gauss, such as in the Gauss case with non-central symmetric brightness distribution). The latter two models were applied only for the objects with more than two position angles available. In the case where a sufficient number of observations sampling different spatial frequencies were available, a spherical two-component model (a circular UD plus circular Gaussian, where the two components typically represent the photosphere and an optically thin dust and/or molecular component) was used additionally. In this latter case the diameter of the UD was fixed to a value corresponding to the θ (V−K) diameter (van Belle et al. 1999) to simulate the central star (or to the observed K−band value, when available). Only the Gaussian envelope was fitted. The fit with GEM-FIND was performed in two stages: first only the LP data are fitted, and afterwards the LP data are merged with the archive data and a new fit is performed. The reasoning behind this strategy is that the LP data are chosen to sample the same spatial frequencies and different position angles, therefore they are more suitable for detecting possible elongations owing to a non-central symmetric distribution. The fit with all data (LP + archive) is performed for completeness, and it allows us to study the stratification of the stars.
Results
This section summarises the general findings of the LP. Detailed discussion for the single targets are given in Appendix A.
Visibility versus wavelength
A visual inspection of the visibility spectrum reveals certain spectral features characterising the chemical composition of the CSE. For this study, we inspect the visibilities in the range between 0.1 < ∼ V < ∼ 0.9. In the case of V ≥ 0.9, it is not possible to distinguish details of the spectral signature, or even distinguish the visibilities from those of a point source owing to the typical errors. At V < ∼ 0.1 the relation between visibility and spatial frequency may not be univocal (as the visibility function may consist of several lobes). Fig. 3 shows the spectrally dispersed visibility curves for stars with different chemistry.
M-type and S-type stars. The most prominent molecular feature of oxygen-rich stars in the N band is SiO around 8 µm. In some cases, this is followed by silicates and Al 2 O 3 dust. For stars not showing a pronounced silicate feature such as R Leo (upper left panel of Fig. 3 ), T Mic, and the S-type stars omi Ori and π 1 Gru (upper right panel of Fig. 3 ), the visibility is rather Article number, page 6 of 43 C. Paladini et al.: The VLTI/MIDI view on the inner mass loss of evolved stars 
Notes.
The range in baseline length is given as 'Baseline'. The number of observations used for the fitting is given as N OB . The first row corresponds to the data of the LP. The second row corresponds to fits were the LP and archive data were merged. If only data points with similar position angles were available, the elliptical models were not fitted. The χ 2 red of the model best fitting the data is highlighted in boldface. The resulting best-fitting parameters are given in Table 4 , whereas the dates of the observations are given in Appendix B. flat with a small bump at short wavelengths. The diameter increases slightly at longer wavelengths. For stars showing the dust and molecular features (R Crt shown in the central upper panel of Fig. 3 ; RT Vir, and θ Aps) the visibility has a peak in the 8-9 µm region, a decrease of between 9-11 µm, and a subsequent increase.
C-type stars. The molecules contributing to the carbon stars opacity in the N band are mainly C 2 H 2 and HCN. Concerning the dust, evolved carbon-rich objects show SiC dust at 11.3 µm and amorphous carbon dust (featureless). Examples of visibilities of stars with SiC dust were shown by e.g. Ohnaka et al. (2007) , Sacuto et al. (2011 ), Paladini et al. (2012 ), and Rau et al. (2015 . The lower left panel of Fig. 3 shows the visibility of the C-rich Mira R Lep with the typical drop at 11.3 µm because SiC. Y Pav, X Tra, and AQ Sgr show similar visibility curves. The visibilities of carbon-rich stars without SiC have a typical bow shape. The visibility gets lower (i.e. the star is larger) between 8-9 µm and after 12.5 µm where the molecular opacity is higher. Fig. 3 shows an example of this kind of star, i.e. TX Psc (also presented in Klotz et al. 2013) .
Other stars. The IRAS and MIDI spectra of U Ant show the signature of SiC dust feature, while there is no trace of such a feature in the (spatially resolved) interferometric observations (lower right panel of Fig. 3 ). This could be the result of resolving out part of the total emission, only revealing the emission of the spatial scale to which the interferometer is sensitive (at the employed baselines).
The case of S Sct is slightly different. There is no trace of SiC in the (spatially resolved) interferometric observations nor in the MIDI spectrum. The dust feature is observed in the ISO spectrum recorded 14 years before the LP observations. The IRAS spectrum of S Sct obtained ∼ 30 years before is very noisy but seems to agree with the MIDI spectrum (Fig. A.21 ). The latter was derived by averaging data taken on two different days, therefore one should be able to rule out a problem with the calibration. The S Sct observations suggest a temporal variability in the stratification of SiC.
To our knowledge it is the first time that such findings are reported for AGB stars. Section 5 provides a detailed discussion of these findings.
Differential phase
Except for the cases where the differential phase is equal to 180
• , and/or it is accompanied by a null value in the visibility, a nonzero differential phase measured by MIDI implies an asymmetric brightness distribution. The latter can be explained by two effects (Tristram et al. 2014 ): first, the object is composed of two sources (for example, the photosphere and resolved dust component) with different spectral distribution through the N band; and, second, the object is composed of two objects with a spatial distribution more resolved at a certain wavelength than at another across the Nband. In nature we usually observe a mixture of these two effects, which are very difficult to distinguish, unless one has enough information for detailed modelling or to attempt an image reconstruction. Non-zero differential phase was observed in a few AGB stars. Usually this is interpreted as a typical signature of a disc (Kervella et al. 2014; Ohnaka et al. 2008a; Deroo et al. 2007) or the signature of a clump (Sacuto et al. 2013; Paladini et al. 2012) . Since modelling very few differential phases gives highly non-unique solutions, no attempt to interpret the differential phase is carried out here.
We report non-zero differential phase only for two objects: R Leo and RT Vir (Figs. 4 and 5) . The morphology of the differential phases of R Leo can be classified in two groups, according to the projected baseline used for the observations. The three upper panels of Fig. 4 show a jump of the differential phase around 9 µm. These data are acquired at different times (see Sect. 4.3) , at the same position angles, and very similar projected baselines. The lower panels show a much more complex behaviour with features at ∼ 10 and ∼ 11.8 µm.
The differential phase of RT Vir shown in Fig. 5 is characterised by a jump between 8 and 9 µm, followed by a monotonic increase. For an interpretation of the RT Vir differential phase with a geometric model, we refer to Sacuto et al. (2013) .
All the non-zero differential phases occur at visibility spectra below 10%. 
Spectroscopic and interferometric variability
As already mentioned in Sect. 2.4, we used archive spectroscopic and interferometric observations to study the N-band variability.
The spectroscopic variability typically corresponds to the variation in the colour (temperature) or a specific variation in certain line strength. On the other hand, the interferometric variability is usually connected with a change in the morphology of the object, in particular the spatial scale of the N-band emission region. Of course the real picture is more complex, and interferometric variability might also be due to brightness variation. When the stellar atmosphere is spatially resolved, and there are multiple components in the FOV of the interferometer (i.e. photosphere plus extended molecular/dust layer, or photosphere plus clumpy structures), it is possible to observe variation in the visibility (at the same spatial frequency) because of a change in the flux ratio between the two components.
In Fig. 6 we compared the level of the MIDI spectra with ISO and IRAS spectra (when the ISO observations were not available). The ISO and IRAS observations are taken approximately 30 years apart from the MIDI observations. Such a comparison can in principle provide information around long-time variability due to dust formation and/or mass-loss variation. On the other hand, this can be caused by the FOV difference between the various telescopes. The FOV of the MIDI observations is ∼ 2.3 × 1.6 , and it is smaller than the FOV of IRAS and ISO, 45 × 45 , and 33 × 20 , respectively). Only a detailed modelling is able to distinguish between these effects. Such modelling is beyond our scope, and we simply report cases of suspected variability and leave the modelling to a future investigation (Rau et al. 2017, in press ). We observe that 3 stars out of 13 have a mid-infrared flux very similar to the IRAS flux (U Ant, omi Ori, and R Crt). AQ Sgr, Y Pav, RT Vir, and T Mic have a flux level below that observed by ISO/IRAS. The shape of the spectrum is usually consistent, with an exception made for Y Pav where a calibration problem cannot be excluded. This hypothesis is also supported by the fact that in the Y Pav spectrum, one can still see the telluric ozone feature at 9.7 µm.
For R Crt, R Leo, R Lep, and RT Vir, we had several MIDI spectra observed at different visual phases. By plotting the flux a various wavelengths (8,10, and 12 µm) versus visual phase, we study the intra-cycle and cycle-to-cycle variability of the star (Figs. A.3, A.5, A.9, and A.15) . R Crt shows no significant variability ( Fig. A.3 ). R Lep and R Leo show variations. RT Vir is by far the star with the best coverage in phase. The variation of the flux over the pulsation period resembles a sinusoid ( Fig. A.9 ). The flux variation within the cycle corresponds to an amplitude of variability of 0.48 mag at 8 µm, and 0.75 mag at 10 and 12 µm.
The interferometric variability of the visibility spectrum was studied only for θ Aps, R Leo, RT Vir, and R Lep. The intracycle observations of the carbon-rich mira R Lep are taken at very similar visual phases (0.01 difference), therefore it is not a surprise if no interferometric variability is detected (Fig. A.16 , left panel). However, a cycle-to-cycle variation is observed in the level of the visibility spectrum ( Fig. A.16 , right panel). The variation is more pronounced in the molecular dominated region between 9 and 10 µm. We do not observe variation between 11 and 12 µm, where SiC is located. The visibility level is higher before the visual phase minimum (φ V = 1.43), corresponding to a smaller diameter.
Neither θ Aps and RT Vir show any evidence of variability in the visibility spectrum. Two sets of data are available to check the interferometric variability for R Leo. The first set includes three observations taken with the short baseline configurations. The visibility level is ∼ 0.6; the observations are taken at similar visual phases, but one of them was observed six cycles before. No variability is observed for this set of data (Fig. A.6, left panel) . The second set of data also includes three data points, but the first two were averaged because they were taken within two consecutive days (with very similar PA and projected baseline). The observations are shown in the right panel of Fig. A.6 and the difference between the visual phases is 0.13. It is obvious that in this case we observe a variation in the visibility level from one visual phase to the other. However these observations are associated with a differential phase signature (Fig. 4 , upper row). The differential phase also changes from one set of observations to the other.
The geometric fitting results
Large Programme data only. As a first step the geometric models are only fitted to the LP data. As described in Sect. 2.2, the LP observations sample very similar spatial frequencies (i.e. the same part of the star) at different position angles. In Table 3 , for each star, we present in the first row the results of the fit on the large-programme data only. The model with the χ 2 red closest to 1 is considered as the one best fitting the data, and it is highlighted in bold in Table 3 . The elliptical models have been tested for 10 objects out of 14 because in some cases not enough data points were available. One oxygen-rich star (R Crt) out of the 4 tested with elliptical models is asymmetric. Both S-type objects (π 1 Gru and omi Ori) also show indications of ellipticity from the GEM-FIND fit. Out of the sample of 4 carbon-rich objects that were tested, none turned out to be asymmetric. It has to be stressed out that an elliptical solution does not necessarily imply that the environment has a truly elliptical shape. It only means that the CSE is non-central symmetric. More complex geometries than ellipses cannot be excluded.
Large Programme & archive data. Nine stars of our sample have archive data, and two of these stars have non-zero differential phases. There are, therefore, a total of five targets showing evidence of asymmetric environment. All these asymmetric stars have O-rich chemistry and are located in the lower part of the IRAS colour-colour diagram, as shown in panel a) of Fig. 7 .
After excluding interferometric variability, we combined the data of the LP with those obtained from the archive. Besides R Lep and TX Psc, all the other stars have archive data that sample mostly the same position angle but at different spatial scales. As already stated in Sect. 2.4, such data are optimal for studying the stratification of the star, but they are obviously less sensitive to asymmetries. Exception made to TX Psc, every time archive data are added to the fit, the composite (UD plus Gaussian) model turns out to be the best-fitting model (Table 3). This implies that the stars have an extended environment because of molecular and/or dust opacities. We note that the additional archive data wash away the elliptical solution for all the three objects mentioned at the beginning of this section. This is a consequence of the fact that the additional data always have the same position angle. Because these additional data are more numerous than the LP data, they drive the fit solution towards symmetric solutions; but this result certainly does not imply that the asymmetry detected by the dedicated LP data must be considered spurious. Very likely the best-fitting model would be an elliptical UD+Gaussian, but this model has too many free parameters to be tested versus our data set. By looking at the LP+archive fitting results of Table 3 , one notes the following: six stars are best fit by the composite model UD+Gauss, i.e. six stars have an extended, optically thin, component. However, it is possible that by adding more visibility points, other objects also increase in complexity and they are best fitted with a composite geometric model. This is very likely for X Tra, AQ Sgr, θ Aps, and Y Pav where the coverage of the visibility spectrum does not extend below 0.6. Given the fact that no dust feature is detected around S Sct, we expect that the visibility spectrum are reproduced only with one component, even by adding other visibility points. So far, in our sample only TX Psc has a visibility that goes down to V∼ 0.2 without showing departure from uniform disc: no dust envelope is detected. The carbon stars in region VIa, following the loop for the carbon stars, can be fit with single component models and are supposed to be younger than those located in region VII. The only carbon mira of the sample is fit with the composite model in region VII. All the objects in region VIa do not show SiC in the visibility. The geometry of the CSE increases in complexity from left to right, where this complexity could be caused by dust or an increased asymmetry of the CSE.
The diameters
In Sect. 2.2 the strategy for choosing the baseline that allows us to resolve the dust-forming region was explained. One of the output of the GEM-FIND fitting is the diameter (or the full width half maximum for the Gaussian profile) of the object in the fitted wavelength. If one assumes that the UD or Gaussian are a crude approximation of the stellar disk, then one can hazard a comparison between the diameter computed from the V − K relation and that derived in the N band via geometric fitting. Such a comparison is presented in Table 4 . The photospheric angular diameter (see Sect. 2.2) calculated from the V − K relation (van Belle et al. 1999 ) are shown in Col. 2, while in Col. 3 we list (when available) the measured K − band values. Column 4 lists the best-fitting GEM-FIND model. Columns 5 and 6 report the value of the angular UD-diameters and/or FWHM resulting from the geometric fitting at 8 µm. Whereas the best-fitting model is the composite model (UD+Gauss ; Table 3 ), both θ and FWHM values are given. In the latter case we do not indicate the error on the UD diameter to point out that in the composite model we kept the value of the UD fixed to the θ V−K or to the observed Kband value (see Sect. 3). Columns 7, 8, 9, and 10 are the same as Cols. 5 and 6 at 10 and 12 µm. The photospheric diameter and the 8 µm UD diameters (FWHM) are converted in linear sizes in Cols. 11 and 12 (Col.13), respectively. Finally, in Col. 14 we list the ratio between the 8 µm UD diameter (FWHM in the cases when Gaussian or the composite model is the best-fitting model) and the photospheric diameter. The comparison between the ratios is not straightforward because of the mix of UD and FWHM sizes, but overall most of the diameters at 8 µm are of the order of two times the photospheric diameter. The exceptions are the two S-type stars, the carbon Mira R Lep, and AQ Sgr, which have a much larger environment (> 2.4 D V−K ). T Mic and Y Pav have a diameter ratio that is smaller than one, indicating that the environment is very similar to that observed in the near-infrared. Another explanation could be that the θ V−K diameter of these two stars is overestimated. Diameters at longer wavelength are even larger with some extreme cases for the more dusty stars such as R Crt and RT Vir. The diameters ratio obtained for the carbon stars are in general agreement with the ratio between the photospheric and 8-9 µm diameters predicted by dynamic model atmospheres (Paladini et al. 2009, Fig. 6 ). The sizes here derived are intended as a guideline for the preparation of future interferometric imaging campaigns. Detailed radiative transfer helps constrain the molecular and dust statification, and will be performed in follow-up studies.
Discussion

Silicon carbide dust
Silicon carbide is a dust species observed around carbon stars. The typical signature in the spectrum is an emission feature at ∼11.3 µm. The condensation temperature (and condensation radius) of SiC is matter of investigation, however there is increasing evidence that for galactic AGB stars SiC condenses at similar temperatures as (amorphous) carbon dust (Lagadec et al. 2007) .
As a matter of fact, up to now, all the carbon stars observed with MIDI that were showing SiC in the spectrum, always had a signature of such dust component in the visibility (Ohnaka et al. 2007; Sacuto et al. 2011; Paladini et al. 2012; Zhao-Geisler et al. 2012; Rau et al. 2015) .
van Boekel et al. (2004) showed the case of protoplanetary discs where the (normalised) correlated flux spectrum (or visibility spectrum) reveals certain chemical features that are not detected in the total flux spectrum. The MIDI observations of U Ant show a similar behaviour, although in this specific case the chemical feature (SiC) is present in the total flux and not in the correlated one.
Assuming that SiC forms in a uniform shell expanding because of a slow wind, then this shell will be not visible if (i) it is smaller than the resolving power of the interferometer, or (ii) if the contrast between the shell and the main source is very low. The maximum resolving power is given by the longest baseline, and in the case of the U Ant observations it corresponds to λ/(2 × B max ) = 11 mas at 10 µm. Since 10 mas is the diameter of the photosphere, it sounds more reasonable to believe that the SiC shell is optically thin. Further constraints can be given with detailed radiative transfer modelling and future observations with baselines longer than 95 m.
The MIDI observations (correlated and uncorrelated flux) of S Sct point to variability in the SiC abundance. We searched in the literature for possible variation in the mass-loss rate values to test if a recent strong stellar wind event might have pushed away or dissolved the SiC dust. No such event was reported within recent decades. A spectrum with VISIR is needed to confirm the lack of SiC in the uncorrelated MIDI flux and to eventually monitor the changes in abundance.
The variability
Mid-IR flux changes of up to 30% with less flux observed at the minimum visual phase are reported by Karovicova et al. (2011); Wittkowski et al. (2007) , and Tevousjan et al. (2004) . Monnier et al. (1998) studied multi-epoch mid-infrared spectra of 30 late-type stars and found that stars with a strong silicate feature exhibit spectral shape fluctuations, where a narrowing of the feature is detected near maximum light. They report that R Leo shows unusually large spectral shape variations that may be attributed to a dynamic dust condensation zone. Although based only on four targets, our findings on the N−band spectroscopic variability largely confirm previous literature results. The flux variation of RT Vir, which is the star in our sample with the best temporal coverage, is comparable to the amplitude of ∼ 0.8 − 1 mag found by Le Bertre (1993) for O-rich mira stars.
Interferometric variability was so far observed in the carbonrich miras V Oph (Ohnaka et al. 2007 ) and R For (Paladini et al. 2012) . While the variability is interpreted as connected to pulsation for V Oph, the presence of an asymmetric structure plays a role for R For. The variability we observe in the case of R Lep is just within the 3 sigma uncertainties, however it goes in the same direction of the literature findings. The visibility level suggests that R Lep is smaller close to the minimum visual phases, similar to V Oph (Ohnaka et al. 2007) , and model predictions at 10 µm showed in Fig. 7 of Paladini et al. (2009) . Model predictions for O-rich Mira stars presented in Karovicova et al. (2011) show that the expected visibility changes with visual phase are wavelength dependent and in the range of 5 − 20%. During the pulsation phase, the largest difference within the N band is predicted at around 10 µm. Karovicova et al. (2011) argue that these limited variations are because the sizes of the molecular and dust layers do not change significantly with visual phase. According to the authors, the changes are within their measurement uncertainties. The star observed by Karovicova et al. (2011) is a Mira . . .
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A dopted from Dumm & Schild (1998) 
S everal diameters ranging between 11 mas and 27 mas (Perrin et al. 1999 ) have been published for R Leo. Given the large range of numbers we decided to stick to the θ V−K diameter for our calculations.
(c)
A dopted from Sacuto et al. (2008) , and recently confirmed by VLTI/PIONIER data (Paladini et al., prep.) .
A dopted from Sacuto et al. (2013) . variable. As these objects are known to exhibit larger variability with visual phase, the size changes for our semi-regular stars (all except R Leo) are expected to be even smaller. In fact, the RT Vir and R Crt data suggest that interferometric variability for semi-regular O-rich stars should be less than 10%. The interferometric variability of R Leo reported here is associated with a non-zero differential phase, as in the case of R For (Paladini et al. 2012) , and is therefore very likely caused by (variable) asymmetries. Since low visibilities are more constraining for the size changes, future interferometric snapshot campaigns on temporal variability should concentrate on those projected baselines that are able to probe V≤ 0.2.
The geometry
One may wonder why only two objects out of 14 show a nonzero differential phase. Both objects are O-rich M8III giants, the coolest objects of the sample. The fact that the two stars appear in a completely different part of the IRAS colour-colour diagram could be due to different masses, hence mass loss. What the observations of these stars also have in common are the spatial scales probed. In both cases the differential phase is detected while sampling visibilities below 0.2. Looking at our whole sample, these spatial scales are also probed in two observations of the carbon Mira R Lep. The differential phase is < 10 • , hence we conclude that R Lep is spherical (at least at PA = 48
• and 248
• ). There have been only a few cases of non-zero differential phase in the literature detected with MIDI; these cases are R For (Paladini et al. 2012) , BM Gem (Ohnaka et al. 2008a ), IRAS+18006-3213 (Deroo et al. 2007 , and L 2 Pup (Kervella et al. 2014) . All these observations also had in common the fact of probing visibilities < 0.2. Thereupon we can assume that the lack of detection of non-zero differential phase does not necessarily exclude the existence of asymmetries in the brightness distribution in the other targets of our sample. Very likely asymmetric structures show up in the differential phase when probing high spatial frequencies, similar to what is reported in the near-IR (Ragland et al. 2006; Cruzalèbes et al. 2013b ).
If we include the objects with a differential phase signal, then ∼ 57% of the stars with O-rich chemistry (O-type plus Stype stars) have a CSE geometry that is consistent with being an asymmetric structure. These results suggest that asymmetries in the dusty environment are more common among the oxygen-rich objects. Near-infrared investigations of AGBs (Ragland et al. 2006; Cruzalèbes et al. 2015) , on the other hand, indicate that asymmetries are more common among carbon stars. This result can be explained with the large-grains scenario for O-rich stars (Höfner 2008) . Oxygen-rich dust grains are nearly transparent in the near-infrared, therefore not many brightness asymmetries are expected at those wavelengths. The dusty region of O-rich stars probed in the mid-IR should be more "blobby" than for C-rich stars because there are stronger non-linear effects in radiative acceleration. This is valid if the scattering on transparent grains scenario is correct; in fact scattering depends much more steeply on grain size (S. Höfner, private communications). Bipolar objects on the post-AGB are mainly O-rich (Lagadec et al. 2011) . The latter well agrees with our results on the AGB.
The result obtained by fitting only the LP data, plus the results of the differential phase study, indicate that asymmetries in the dust-forming region are concentrated in the lower part of the IRAS colour-colour diagram. No object located in region VII so far showed asymmetries. More observations covering long baselines (high spatial frequencies), or (ideally) N-band images obtained with the next generation VLTI/MATISSE instrument (Lopez et al. 2006 ) are needed to confirm this finding.
Comparison with the MESS results
The aim of our programme is to observe the evolution of asymmetric structures through the atmosphere of a representative sample of AGBs. For this purpose we selected stars imaged with the Herschel/PACS instrument and we complemented these observations of the large scales of the atmospheres with interferometric VLTI/MIDI observations of the inner spatial scales. Panel d) of Fig. 7 shows the stars of our sample in the IRAS colourcolour diagram. The objects are colour coded to highlight their MESS classification. The symbols are the same as in panel b) and indicate the presence of a non-spherically symmetric environment. Three objects out of the LP sample are classified by Cox et al. (2012) as rings, six are fermata type, two irregulars, one eye, and two unresolved.
All the stars from the ring class are fitted with the onecomponent geometric model, and no asymmetry is detected in the dust-forming region. For two of these stars (S Sct and U Ant) no SiC dust component is spatially resolved. The dust observed in their spectra might have been pushed away by episodic wind, or it is optically thin. As already mentioned in the previous section, for X TrA we have only a few data points and we cannot exclude that by adding more visibilities the picture will become more complex.
The carbon-rich stars TX Psc and AQ Sgr, plus most of the Herschel images of our oxygen-rich sample, are of fermata type, i.e. show an interaction with the ISM. R Crt is classified as an eye morphology by Cox et al. (2012) . However, the fact that R Crt is the only oxygen-rich AGB star in the MESS sample that is of eye shape, and the fact that the eye shape is not very pronounced may indicate that R Crt may also be of fermata type (Cox et al. 2012 ). If we consider R Crt among the possible fermata, three out of seven of the stars in this class show a direct detection of an asymmetry (via differential phase) or at least a hint of a non-spherically symmetric environment (detected by fitting only the LP data). This indicates that 42% of the stars classified as fermata have an asymmetric dust-forming region, and they all have O-rich chemistry.
The irregular class contains objects with diffuse irregular extended emission. Both the stars classified as irregular are S-type stars, and they can be fitted with two-components model and show non-central symmetric CSE in the LP data.
Conclusions and outlook
In this paper, we present mid-IR interferometric and spectroscopic data observed with VLTI/MIDI for a sample of 14 AGB stars. The sample is based on the list of objects observed within the frame of the MESS programme with Herschel PACS (Groenewegen et al. 2011) . The aim of our study is to investigate the morphology of the dusty environment of these objects at different spatial scales and to answer the questions: i) Are the asymmetries of the outer CSE intrinsic to the mass-loss process, and are they only due to interaction with the ISM? ii) At which height does the mass-loss process become manifestly nonspherical? iii) How does the geometry of the atmosphere change at the different evolutionary stages (M-S-C stars, and from almost dust free to very dusty objects) within the AGB sequence?
The first question cannot be addressed using only the midinfrared interferometric data presented here. These data, in fact, scan the stellar atmosphere between 1-2 and 10 stellar radii, and the intermediate spatial scales probed by VISIR are needed to have a connection with the Herschel/PACS images. Nevertheless, we report that all the objects in our sample classified as symmetric rings by Cox et al. (2012) so far have a symmetric dust-forming region. All the objects classified as irregular need a composite model (i.e. they have an extended environment), and the fit of the LP data indicates some asymmetric behaviour. Approximately 42% of the objects classified as fermata (i.e. show interaction with the ISM) also have an asymmetric dust-forming region.
To answer the second question, it is obvious that asymmetries in the brightness distribution appears already in the dustforming region of AGB stars. We directly detected asymmetries via differential phase measurement in two cases: RT Vir (already reported by Sacuto et al. 2013) , and R Leo. However, the fact that we find the other objects to be symmetric does not preclude the presence of clumps or small or very faint asymmetric structures. GEM-FIND fitting of the LP data shows that beside these two stars, three more show a hint of non-central symmetric morphology. Concerning the third question, all the stars with asymmetric behaviour have O-rich chemistry. Therefore asymmetric structures in the mid-infrared are more common among O-rich and S-type stars. On the contrary literature suggests that C-rich stars are more asymmetric in the near-IR. We speculate that this result supports the large-grains scenario for O-rich stars.
Another major finding of our programme is that silicon carbide dust is not detected in the correlated flux of S Sct and U Ant. U Ant shows SiC in the total spectrum, and we speculate that SiC is optically thin. The case of S Sct might be related to variability in the stratification of this material.
Finally, by analysing archive data, we studied the spectroscopic and interferometric variability. Spectroscopic variability is reported in a few cases and the flux variations are in agreement with what was already observed in the literature (Le Bertre 1993 ). An exception is made for the carbon-rich Mira R Lep case, which nevertheless requires confirmation through monitoring campaigns; interferometric variability (i.e. change in the shell size) is observed in the O-rich Mira R Leo. In the latter case the variability is associated with an asymmetry in the brightness profile of the star. The lack of detection for the other stars suggest that interferometric variability in non-mira stars is less that ∼ 10% of the visibility.
The next step of this study will be, as already mentioned, to bridge the gap between MIDI and Herschel with additional single-dish images in the mid-infrared. These observations will be crucial for completing the picture of the morphology of the dusty environment. Finally, MIDI was recently decommissioned, but a second generation instrument VLTI/MATISSE will be available at VLTI in 2018. This interferometer will combine the light from four telescopes, and it will observe in the L, M, and N bands. While MIDI, with only two telescopes, gave us a rough idea of the appearance of the stars within this sample, MATISSE will provide images allowing us not only to detect asymmetric structures, but also to unveil their nature (disk-like or clumps). Because of the complex nature of the targets here studied, a complete coverage of the visibility curve is mandatory. In the N band, this will require in certain cases baselines longer than the 150 m (for stars such as omi Ori and TX Psc), but also very short baselines. In this frame, an aperture masking experiment on the VISIR instrument matching the spectral resolution of MATISSE is required. Tabur 1988, A&A, 194, 125 Van Eck, S., Jorissen, A., Udry, S., et al. 2000 , A&AS, 145, 51 van Leeuwen, F. 2007 , A&A, 474, 653 Weigelt, G., Balega, Y., Bloecker, T., et al. 1998 Olofsson et al. (2002b) . The Herschel image is of fermata-type with indications for a companion (Cox et al. 2012) . Mayer et al. (2013) find indications for a jet that is interfering with the wind-ISM bow shock.
θ Aps was observed in 2011 and 2012. Six out of seven data sets are of good quality. There are no archive data.
Appendix A.1.1: Variability
The variability period for θ Aps is given as P=119 d (Samus et al. 2009 ). We calculated visual phases of the observations adopting phase-zero point T 0 = 2 454 622 JD.
The MIDI spectra have similar visual phases. Thus, a check for intra-cycle variability is not possible. However, a check for cycle-to-cycle spectroscopic variations can be performed by comparing the MIDI with ISO and IRAS data (Fig. 6) . The flux level of the ISO and MIDI spectra is the same at least in the range ∼ 9.8 -12.5 µm, i.e. no spectroscopic cycle-to-cycle variations are found. However, below ∼ 9.8 µm, a clear change in flux level is observed.
To check for interferometric variability, a set with similar baseline lengths and position angles observed at different visual phases is shown in Fig. A.1 . No interferometric variability is detected. The χ 2 red of the GEM-FIND fitting for the different models are given in Table 3 . The increase of the UD diameter from 8 -10 µm is pronounced for θ Aps, indicating that the star shows a strong silicate feature. This is in agreement with the ISO spectrum. The difference between the K-band (18.1 mas, Dumm & Schild 1998) and N-band diameter (∼40-90 mas) is evidence for dusty material in the circumstellar surrounding of the star. As θ Aps has a low mass-loss rate, the circumstellar environment can be assumed to be optically thin, therefore one cannot exclude that observations at larger baselines would point to a two-component structure of the CSE of θ Aps, as is the case for RT Vir and R Crt.
Appendix A.2: R Crt
R Crt is a semi-regular variable star. Its distance is given as 261 pc (van Leeuwen 2007). The star was part of many maser and CO-line studies. The CO-envelope seems to be consistent with a uniformly expanding envelope (Kahane & Jura 1994) . The Herschel image was interpreted to be of 'eye'-shape (Cox et al. 2012 ). This shape, however, is not well constrained (A. Mayer, private communication). The strength of the silicate feature is quite large (Begemann et al. 1997 ). R Crt also has a higher mass-loss rate (8 × 10 −7 M yr −1 ) than the other O-rich sources. R Crt was observed in 2009, 2011, and 2012, and 8 out of 12 data sets are of good quality.
Appendix A.2.1: Variability
The variability period of R Crt is given as P = 160 d (Samus et al. 2009 ). We calculated the visual phase of our observations assuming a phase-zero point T 0 = 2 454 225 JD. The observations were carried out at different visual phases within different cycles. This makes a check for cycle-to-cycle and intra-cycle variability necessary.
Possible variability effects can be checked in Fig. A.3 , which gives the visual phase versus flux at 8, 10, and 12 µm. Fluxes agree within the errors for 8 and 10 µm. At 12 µm there seems to be a variation in the flux level when comparing MIDI and IRAS.
No sets with similar baseline lengths and position angles observed at different epochs are available. Therefore, no statement can be made concerning the interferometric variability.
Appendix A.2.2: Morphology
Calibrated visibilities are shown in Fig. A.4 ; the differential phase is always zero.
As for θ Aps, the strong silicate feature can be seen in the visibility profile at ∼ 9.8 µm for short baselines. On the other hand, for R Crt we also have at our disposal long baseline observations. The shape of the visibility for the longer baselines may still show some silicate feature, but much less pronounced than for the short features. Contributions from other molecular and dust species may shape the visibility profile (e.g. SiO, H 2 O, and Al 2 O 3 ).
The LP observations of R Crt are best described by an elliptical Gaussian profile with an axis ratio of 0.7 and an inclination angle of φ incl = 157
• . As can be seen in the second row of Table 3 , all onecomponent models fail to fit the observations of the LP combined with the archive data. The best-fitting model is a two-component model (CircUD+CircGauss; Fig. A.4 ). This suggests that the environment of R Crt is optically thin, where the outer environment is dominated by silicate-rich dust.
Appendix A.3: R Leo
R Leo is a well-studied O-rich AGB star of Mira type. Its distance is 110 pc (van Leeuwen 2007). Its magnitude in the V band ranges from 11.3 to 4.4 (Kholopov et al. 1998 ). Knapp et al. (1998) determined a mass-loss rate of 9.4 × 10 −8 M yr −1 . The Herschel image suggests that R Leo is of 'fermata' type (Cox et al. 2012) . Asymmetries. Evidence for asymmetries were found by Ireland et al. (2004b) and Burns et al. (1998) from the closure phases obtained with optical interferometry (650 -1000 nm). Non-zero closure phases are also reported in the mid-infrared by Tatebe et al. (2008) . They suggest that the closure phase signal of the star comes from an asymmetry that is located in the southern hemisphere of the star. Wiesemeyer et al. (2009) claim that they detect a planet at a separation of 24 mas in their SiO maser data. They do not mention whether such a planet could be responsible for the closure phase signals observed in the other wavelength ranges. Perrin et al. (1999) used near-infrared interferometry and show that their observations at low spatial frequency (< 40 arcsec −1 ) are well represented by a UD model. On the other hand, data at high spatial frequencies (40 -80 arcsec −1 ) cannot be explained by a UD or Gaussian intensity distribution, which may point to the presence of one or more extra structures. This is confirmed by the observations of Mennesson et al. (2002) . Perrin et al. (1999) mention that the low spatial frequency observations within the first null cannot resolve small structures such as spots and this may be the reason why a UD model fits those data well. Monnier et al. (2004) , however, report that both the low and high frequency data (1 -50 arcsec −1 ) in the near-infrared can be perfectly fitted with a UD model. This may depend on the visual phase and is further discussed below under the heading Visual phase-dependent diameter. The CO line profile of R Leo shows an asymmetric shape with the red side being stronger Teyssier et al. 2006 ). Ellipticity. Reports of an elliptical shape of the CSE of R Leo are reported in the optical (Lattanzi et al. 1997) (2002) interferometrically observed the star in the near-IR at two different visual phases and find that one set can be modelled with a UD, the other not. This is confirmed by Fedele et al. (2005) who find that their pre-maximum data can be explained by a UD, however, the post-maximum data cannot. Such a variability in the size of R Leo is detected by several authors in the near-IR (Perrin et al. 1999; Chagnon et al. 2002; Mennesson et al. 2002; Fedele et al. 2005; Woodruff et al. 2008 Woodruff et al. , 2009 , with the star being largest at visual minimum as already predicted by pulsation models; none of these models, however, can reproduce the pulsation amplitude of R Leo (Ireland et al. 2004a) . Such variability was also detected in the optical (Burns et al. 1998) and mid-infrared (Tatebe et al. 2006 (Tatebe et al. , 2008 . Mennesson et al. (2002) mention that such changes may be caused by variations in the spatial extent and/or in the opacity of the outer atmospheric layers. The χ 2 red of the GEM-FIND fitting for the LP data is given in the first row of Table 3 . The morphology of R Leo seems to be very complex. When performing a GEM-FIND fit on the whole LP data sets, the best model is a UD. However, combining the LP and archive data, none of the GEM-FIND models were able to provide a good fit (confirmed by the high value of χ 2 red for the best-fitting model). One explanation could be that the environment of R Leo is made of more than two components, i.e. multiple shells are observed with MIDI. Another possible explanation could be variability in the N band, which was already reported by Tatebe et al. (2006) and Tatebe et al. (2008) and confirmed in this work. Therefore, considering that there may be intra-cycle variability, we combined all data at similar visual phases to do the fitting. Also in this case the UD model does not provide a good fit to the data. As all the observations in the archive were observed at approximately the same position angle, they do not provide supplementary constraints to fit more complex asymmetric models. There is a differential phase signature present for observations with baselines ∼40 and ∼60 m (Fig. 4) .
Appendix A.4: T Mic
T Mic is a semi-regular variable star located at a distance of 200 pc (Loup et al. 1993 ). This star was part of different photometric, spectroscopic, and CO-line-profile studies. Its mass-loss rate is estimated to be 8 × 10 −8 M yr −1 (Olofsson et al. 2002b) . The Herschel image is interpreted as of 'fermata'-type (Cox et al. 2012) , i.e. shows signs of interaction with the ISM. T Mic was observed in 2004, 2010, and 2011 . Out of 10 data sets, 7 are of good quality.
Appendix A.4.1: Variability
We derived visual phases for the observations, however the values need to be considered with caution. In fact light curves available from AAVSO, ASAS, DIRBE, and HIPPARCOS do not cover the epoch of the ISO or MIDI data. The adopted origin for the visual phase determination is T 0 = 2 452 832 JD. The observations were carried out at different visual phases within different cycles. The two spectra obtained on 2004 July 30 and 31 were averaged. The flux level of the ISO and MIDI spectra in Fig. 6 is not the same, i.e. the level of N-band emission may have changed. No data set with similar baseline lengths and position angles observed at different epochs is available. Therefore, no statement can be made on the interferometric variability. T Mic does not show a strong silicate feature. However, the slight drop that is observed in the visibility of baselines shorter than 16 m at ∼ 9.8 µm can be attributed to silicate dust. No differential phase signature is detected in T Mic, i.e. no asymmetries are detected with MIDI.
The fitting of the LP data of 2011 with GEM-FIND reveals that T Mic can be well described with a circular UD model. The χ 2 red of the GEM-FIND fitting for the different models is given in the first row in Table 3 .
If the LP data are combined with the archive data, the bestfitting model is a circular Gaussian model. The fit, however, does not describe the short baseline and 46 m baseline data well. This could mean that the close environment of T Mic is more complex and cannot be described with a one-component or twocomponent geometric models. The other possibility is that the short-baseline data (observed in 2011) cannot be combined with the longer baseline data (2004 and 2010) because of a variability effect.
Appendix A.5: RT Vir
RT Vir is a semi-regular variable star that is located at a distance d = 136 pc (van Leeuwen 2007) . RT Vir is a well-studied and, one of the brightest, water maser sources (Richards et al. 2011) . Several mass-loss estimates are given, lying between 1.1 × 10 −7 M yr −1 ) and 5 × 10 −7 M yr −1 (Olofsson et al. 2002b ). Sacuto et al. (2013) recently reported an asymmetry revealed through the MIDI differential phase at 9 stellar radii (12 AU), and also spectroscopic cycle-to-cycle variability. The Herschel image is interpreted as being of 'fermata' type (Cox et al. 2012) .
RT Vir was observed in 2008, 2009, 2011, and 2012 . For our programme, we obtained six data sets, but only two turned out to be of good quality. The archive data, on the other hand, are of good quality. Twelve out of 13 data sets can be used.
Appendix A.5.1: Variability
The visual phase of the MIDI observations is derived using the light curve from ASAS (Pojmanski 2002) . The variability period for RT Vir is given as P=375 d (Imai et al. 1997 ) and the phase-zero point is T 0 = 2 454 854 JD (adopted from Sacuto et al. 2013 ). The observations were carried out at different visual phases within different cycles. The flux level of the ISO and MIDI spectra is not the same, i.e. the level of N-band emission has changed. From Fig. A.9 , one can see that the flux is lowest at visual minimum. At a glance, it also seems that the flux follows a sinusoid with maximum flux shifted from the visual maximum. This kind of behaviour was already predicted by model atmosphere simulations (Ireland et al. 2004a , for near-infrared wavelengths), and observed by Zhao-Geisler et al. (2012) . Since these observations are carried at different cycles, the effect of cycle-to-cycle variation cannot be completely ruled out (Sacuto et al. 2013) .
To check for interferometric variability, data sets with similar baseline lengths and position angles observed at different visual phases are shown in Fig. A.10 . Although photometric variability is present, we do not report any interferometric variability, confirming the results of Sacuto et al. (2013) . It would be interesting to monitor the atmosphere with long baselines to check whether interferometric variability can be detected at high spatial frequencies, where the object also presentsan asymmetry (see following section). As no interferometric variability is so far observed, all data sets can be combined in the further analysis.
Appendix A.5.2: Morphology
Calibrated visibilities are shown in Fig. A.11 . The drop that is observed in the visibility can be attributed to amorphous sili- cate. For RT Vir, a non-zero differential phase is detected for the longest baselines (89 and 128 m) by Sacuto et al. (2013) . This is the signature of an asymmetry. Sacuto et al. (2013) used GEM-FIND to fit different geometric models to a subset of the data. Not only one-component but also two-and threecomponent models are used in their work. The best-fitting model is a three-component model: a UD that describes the central star, a spherical Gaussian that represents the optically thin dust environment, and a Dirac function that represents the unresolved asymmetry (which could be a companion or a dust clump). This model is also able to reproduce the observed differential phase.
Although Sacuto et al. (2013) find the environment of RT Vir to be asymmetric, we start by fitting spherically symmetric models to the LP data that do not show any asymmetry. The LP data can be fitted best with a circular Gaussian profile with a FWHM of ∼60 mas at 10 µm (see first row in Table 3 ). As only two observations with the same position angle are available, no attempt to fit elliptical models was made. If we combine the LP data with the archive data, a one-component model is no longer able to describe the observations (see second row in Table 3 ). Therefore, we fit a spherical model, composed of a circular UD and a circular Gaussian, to the data. The best-fitting diameter of the circular UD is 16 mas. The diameter derived by Richichi et al. (2005) in the K band is θ K =12.4 mas. Our model does not fit the short-baseline data well enough. The model of Sacuto et al. (2013) , on the other hand, fits all the visibility and differential phase observations (as the model is asymmetric). The diameter of their UD is wavelength dependent and larger than the K-band diameter determined by Richichi et al. (2005) , which suggests that the environment is composed of more than one silicate-rich layer (Sacuto et al. 2013) . 1 Gru is a well-studied S-type star close to the tip of the AGB (Jorissen et al. 1993; Van Eck et al. 2000) . The star is known to have a G0V companion located ≈ 2.7 (≈ 450 AU) away from the primary, and possibly a third component much closer as suggested by Makarov & Kaplan (2005) ; Frankowski et al. (2007) and more recently, Mayer et al. (2014) . CO line observations (Sahai 1992; Knapp et al. 1999; Chiu et al. 2006 ) reveal an asymmetric, double-peaked structure and extended emission wings, which are interpreted as an expanding disk and a fast bipolar outflow oriented perpendicular to the disk. The Herschel/PACS image shows an elliptical emission and a hook east of the star at a distance of 38 (Fig. 5 , Mayer et al. 2014) . These kinds of hooks or arcs is most probably part of an Archimedean spiral formed by the interaction with a companion ( e.g. o Cet; Mayer et al. 2011) . Therefore the presence of the companion(s) affects the geometry of the atmosphere at different spatial scales. The star was observed with MIDI in 2008 and 2011. We have a total of 11 data sets to fit, 4 of which are from the LP. Sacuto et al. (2008) , because of the semiregular nature of the object, it is very difficult to assign a visual phase to a given observation. Sacuto et al. (2008) give two explanations for the discrepancy between the level of the ISO and the 2006 MIDI spectra: first, MIDI is missing some of the flux that is seen by the larger ISO beam; and, second, there is a difference in the emission due to pulsation. The difference we observe between the 2011 LP data, ISO, and the 2006 data could be due to cycle-to-cycle variability.
Appendix A.6.2: Morphology
Concerning the shape of the visibility versus wavelength, we observe the typical shape of silicate dust with a bump between 8 and 9 µm. A drop is also observed in the visibilities at wavelengths longer than 12 µm. The lower left panel of Fig. A.12 shows a slightly different shape in the visibility with respect to the other panels. This may be a residual of a non-perfect calibration (Sacuto et al. 2008) . A fit including only the LP data points to an elliptical UD morphology with axis ratio 0.2 and inclination 140
• . The visibilities observed for π 1 Gru can be well fitted with a composite model UD+Gaussian, as shown in Fig. A.12. Appendix A.7: omi Ori omi Ori is one of the two S-type stars of our sample. According to the recent parameter determination by Cruzalèbes et al. (2013a) , the star has a K−band angular diameter of 9.78 mas. Cruzalèbes et al. (2013b) reports asymmetric structures detected (via a closure-phase signature) in the near-infrared. The star is known to have a white dwarf companion (Ake & Johnson 1988) , but the separation between the two stars, and more generally the orbit of the system, are not known. The star was classified among the irregular morphologies in the Herschel/PACS images (Cox et al. 2012) . omi Ori was observed by MIDI in 2005 and 2011, and we collected a total of 14 data sets, 7 of which are archive data.
Appendix A.7.1: Variability Classified as SRb, omi Ori has a period of 30 days. We collected a light curve from ASAS, but the data are limited to 2010, therefore we could not estimate the visual phase for the MIDI data of the LP. A comparison of the IRAS spectrum with the MIDI spectrum from 2005 shows no evidence of variability. The data of the LP were collected within a few days, therefore we do not need to worry about interferometric intra-cycle variability. As there is no overlap between the baselines and position angles of the archive data and those from the LP, it is not possible to issue any statement concerning cycle-to-cycle interferometric variability. As a consequence, one should consider the results from the χ 2 red combining all the data only as indicative.
Appendix A.7.2: Morphology
The visibility curve of omi Ori does not show any sign of dust when plotted versus wavelength. The feature observed around 9.58 µm is due to telluric ozone. The LP data sample the upper part of the visibility curve. Therefore a fit on these data cannot really distinguish between Gaussian and UD profiles. As a confirmation, the χ 2 red of the two models are very close to each other. GEM-FIND fits of the LP data point to an elliptical UD model with inclination 55
• and axis ratio 0.4. The χ 2 red obtained by fitting all the data (archive+LP) points towards a composite model (UD+Gauss) with a very extended Gaussian (FWHM > 220 mas) enshrouding the UD (see also Fig. A.13) . The flux ratio is > 50, meaning that the central source is the dominant contributor.
Appendix A.8: U Ant U Ant is a nearby N-type carbon star. Knapp et al. (2003) reported a distance of 260 pc. Bergeat & Chevallier (2005) estimated its parameters as follows: T eff = 2810K, the C/O = 1.44, M = 2.0 × 10 −6 M yr −1 . More recently, McDonald et al. (2012) estimated a much hotter temperature (3317 K) through spectral energy distribution (SED) fitting. Five spherical detached shells were detected at long wavelength and large scales ∼ 25 , 37 , 43 , 50 , 3 (Izumiura et al. 1996; Olofsson et al. 1996; González Delgado et al. 2001 Maercker et al. 2010) . Herschel-PACS imaged in the FIR a shell with a distance from the star of 42" (Kerschbaum et al. 2010) .
The star was observed with MIDI in 2008 and 2012. For our programme, we obtained five observations, but only one of them turned out to be of any use. The reason for this is mostly poor seeing conditions during the nights of observation. Most of the archive data are also of mediocre quality. Only two points out of five from the archive is hereafter used.
Appendix A.8.1: Variability Since U Ant is an irregular variable of type Lb, it is not possible to determine at which visual phase the observations were taken. Moreover, there are no V-band measurements available at the time of the MIDI observations. Therefore, a study of the interferometric variability is not possible for this star. We retrieved the IRAS spectrum from the archive and compared it with the MIDI spectrum in Fig.6 . The star is classified as SiC+ by Sloan et al. (1998) . This class of objects is characterised by a spectrum with a weak 8.5-9 µm feature, a weak dust continuum, and a weak SiC feature that is observed in our spectra. The MIDI spectrum is within the error bars of the the IRAS spectrum.
Appendix A.8.2: Morphology
Three visibility points (Fig. A.14) are definitely too few to have an idea about the morphology of the star, especially if one considers that the data are taken four years apart. Therefore, for this star, we can only derive sizes and study the molecular and dust components. The diameter of the best-fitting FWHM varies between 7 and 10 mas as a function of wavelength.
Even though both MIDI and IRAS spectra exhibit a weak SiC feature, the visibilities are typical of the carbon stars without SiC (Fig. 3) . Indeed the typical visibility drop around 11.3 µm is not observed here. A small decrease of the visibility is observed only for one of the observations with the 30 m baseline. On the other hand, the high level of visibility and, consequently, its large associated uncertainty, do not allow us to infer whether or not that decrease is real and due to SiC. Ragland et al. (2006) with the IOTA interferometer in the near-IR. The object is classified as non-detection by Cox et al. (2012) . Nevertheless, the authors predict the presence of a bow shock at a distance < 1 pc from the stellar envelope. The star was observed with MIDI in 2010, 2011, and 2012. Appendix A.9.1: Variability
The MIDI spectra of R Lep, shown in Fig. 6 , are very noisy. The flux also changes a lot within the MIDI data and between MIDI and IRAS. Excluding the data point from cycle 0 (yellow square in Fig. A.15 ), which has an unrealistic low flux, the variations within the MIDI data are of the order of 0.2 magnitude. This is a reasonable value if compared with the variations tion between the MIDI data from cycle 2 and the IRAS spectrum is of the order of 0.7 mag. Nevertheless, the MIDI spectra should be considered with caution. Regarding interferometric variability, the left panel of Fig. A.16 shows data sets that are too close in time to detect any intra-cycle variability. On the other hand, in the right panel of Fig. A.16 there is a hint for a cycle-to-cycle variability: the visibility from cycle 0 is systematically lower than the others in the range where molecular opacities are at play (8 − 10 µm). Since the variability effect is small, the data are still combined together for the GEM-FIND fit.
Appendix A.9.2: Morphology
The visibility curve of R Lep (Fig. A.17 ) is typical for a carbon Mira with a SiC feature, and it is described in Sect. 4. By using only the LP data, we obtain a better χ 2 red for the Gaussian model, whereas we have a good fit of the data with a two-component model by adding all the observations together (UD+Gaussian; see Fig. A.17) . We do not observe any asymmetric structure that might be related to the asymmetries observed at other spatial scales and wavelengths (i.e. near-infrared by Ragland et al. 2006) . The SiC depression is always present in the visibility curve, but we note that at long baselines and long wavelengths the visibility increases again. This might be explained by the fact that at those spatial frequencies, there is some extra molecular opacity appearing to make the object smaller. SiC is clearly present in the IRAS spectrum of the star, and since we are sampling the spatial frequencies at 2 stellar radii (using as a reference the photospheric diameter given by van Belle et al. 1997), we can say that SiC is already observed at 2 stellar radii.
C. Paladini et al.: The VLTI/MIDI view on the inner mass loss of evolved stars MIDI observed this object seven times between the 2011 May 28 and 30. For the modelling and data interpretation, we use only two data sets, keeping in mind that the data set of May 30 is very good, while the data of May 28 are very noisy after 11.5 µm. The other five observations were affected by poor weather conditions. Appendix A.12.1: Variability
The MIDI spectrum agrees with the flux level of the ISO observations. However, ISO shows a small bump around 11.3 µm attributable to SiC, while nothing similar is seen by MIDI. Although we cannot exclude that the shape of the MIDI spectrum is still affected by calibration problems, it is an interesting coincidence that neither is SiC observed in the visibilities (see following Section), nor that the shape of the MIDI spectrum resembles that from IRAS (Fig. A.21) . Like TX Psc, S Sct is also classified as N (naked) in the Sloan et al. (1998) classification based on IRAS spectra. This could mean that the amount of SiC was too small at the time of the IRAS observations, and that it increased C. Paladini et al.: The VLTI/MIDI view on the inner mass loss of evolved stars afterwards. But given the shape of the MIDI spectrum, one presumes that the feature recently disappeared again (Fig. A.21) . A more likely possibility would be a photospheric variation, i.e. no change in the SiC, but rather in the molecular opacity at wavelengths > 10 µm. The two visibility points shown in Fig. A .22 are easily fitted with circular models and the fit shows a slight preference for the Gaussian shape. Nevertheless, the robustness of that conclusion should not be overestimated because of the high visibilities and small amount of data available. As in the case of U Ant, we stress that the visibility of S Sct does not show any signature of SiC. By comparing the N-band UD diameter with the H-band UD diameter measured by PIONIER, we conclude that molecular and dust (amorphous carbon) material enshrouds the object in the N band. No SiC is detected either in the correlated or uncorrelated flux. (Ramstedt et al. 2014 ). The star is classified as fermata by Cox et al. (2012) . Richichi et al. (2005) report a K-band diameter of 6.13 mas. The star was already observed with MIDI in 2008, but those data are very noisy and they were discarded during data reduction. Only two points from the LP were used for the analysis. The archive data are corrupted by weather. Appendix A.13.1: Variability
The MIDI spectrum of AQ Sgr is compared with the spectrum from IRAS in Fig. 6 , and they fit within the uncertainties of IRAS. The shape of the spectra is rather similar, and we observe a bump around 11.3 µm due to SiC. The star was classified as SiC+ by Sloan et al. (1998) and Gupta et al. (2004) . No interferometric variability can be determined from the available data set.
Appendix A.13.2: Morphology
The visibility curve presented in Fig. A .23 matches the shape of the spectrum, showing the SiC signature. The observations are well fitted by a UD profile with a diameter between 17 and 33 mas (depending on wavelength). The level of visibility at 11.3 µm is comparable to that at 12 µm, where the UD diameter measures 32 mas. By comparing the latter value with the K-band diameter, we can conclude that SiC is being detected at 5 R . Appendix A.14: X TrA X TrA is a carbon-rich irregular variable. A detailed nearinfrared spectroscopic study with line identification was presented for this object by Lebzelter et al. (2012) . The star is a single object, as no indication of binarity was reported so far. Izumiura et al. (1995) detected a detached shell at a distance of 1.3 . In Cox et al. (2012) the star is classified among the rings, but the ring detected by Herschel is faint with only a bright arc to the east. These authors conclude that more observations are needed. X TrA was observed for the first time with MIDI within the frame of our LP. Four points out of seven are used for the geometric modelling. The other points were affected by weather conditions. Appendix A.14.1: Variability
Because of the irregular nature of the light curve, time variability cannot be studied in detail for this star. However a comparison between the MIDI and IRAS spectra (Fig. 6) shows that the flux level is unchanged and SiC is observed. The object is classified as SiC+ in the Sloan et al. (1998) classification. The presence of SiC is already detected in the IRAS spectrum shown in Fig. 6 and in the MIDI spectra as well.
Appendix A.14.2: Morphology The X Tra MIDI data can be reproduced with a UD of size 22 -39 mas. The χ 2 red of the Gaussian (Table 3) is similar for the already mentioned reason: the data sample the upper part of the visibility curve, where both Gaussian and UD profiles are very similar. The visibility curve versus wavelength shown in Fig. A .24 exhibits the shape typical of stars with SiC. The level of visibility at 11.3 µm is comparable to the level of visibility at 12 µm, as do the diameters. Therefore we can conclude that for X Tra, SiC is detected at ∼4 R . 
Appendix B: Journal of observations
This section presents the journal of observations for the LP dataset and the archive data used in this work. Where calibrated fluxes are available, points are marked with 'F'. Calibrators used to calibrate the visibilities are given below the science observation. If no calibrator is listed, the science point was not used in the astrophysical interpretation. Sacuto et al. (2013) . Sacuto et al. (2008) .
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